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e Measured parameter is positive definite - 
i.e. one always measures something, even in 
the absence of a polarized source 
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¢ lwo instruments 
¢ Lithium scattering polarimeter 


¢ 4 Bragg crystal polarimeters 
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crystal polarimeter 
as eement of integrated Crab Nebula 


IXPE 


e Three redundant telescope-detector systems 

© Gas pixel electron-tracking detectors developed in Italy 

* Replicated X-ray telescopes with <30 arcsecond angular 
resolution (half-power diameter) developed at MSFC 
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Tracker 


Detector Units 
(3x) Tip Tilt Rotate (TTR) Mechanism 


(used once to correct boom ——* 
deployment offset) 


Deployable Payload Boom 
(covered by Thermal Sock) Shields (3x, to 
minimize X-ray 
background) 


Mirror Module 
Assembly 


(MMA) (3x) 
-Z Star Tracker 
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Participating Institutions & Roles 


SFC- PI Team, project management, systems 
technical oversight, telescope fabrication, X- 
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izionale di Fisica Nucleare (INFN, Pisa & Torino) - 
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Aerospace - Spacecraft, Payload Structure, Payload 
and Observatory I&T 
¢ Laboratory for Astronomy & Space Physics (Boulder) - 
Mission Operations 
¢ Stanford University & University Roma Tre - Theory 
¢ McGill University & MIT - Co-Chair SWG & Co-Is 
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K-shell photoelectron is determined 
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FIRST AMPLIFICATION 
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SECOND AMPLIFICATION 
STAGE 


Site of initial ionization 
produced by 54 keV X-ray 
and the Auger electron 
cloud 


» 2 atm: 

= argon (90%), 

ae catcidat-Valcm con.) 

sem uatoatcivanye-bealtatcm co) bie 
= Track is 14 mm long 


the IXPE detectors 


Incident X-Ray 


Reconstructed 
absorption point 
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He20%-DME80% 
5.9 keV 


|Signals 
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The distribution of the photoelectron directions determines the 
efecto) am ole) -lavz-laceyam-valemaaCemexelsua(eyem-vated (= 


whe polarization sensitive 
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Sensitive area 15mm x 15mm 


Fill gas and composition He/DME (20/80) @ 1 atm 
Detector window 50-um thick beryllium 


Absorption and drift region 
depth 


10 mm 


GEM (gas electron multiplier) copper-plated 50-ym liquid-crystal 


polymer 
GEM hole pitch 50 um triangular lattice 
Number ASIC readout pixels 300 x 352 
ASIC pixelated anode Hexagonal @ 50-um pitch 
Spatial resolution (FWHM) < 123 um (6.4 arcsec) @ 2 keV 


Energy resolution (FWHM) 0.54 keV @ 2 keV (« VE) 
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Measurements of the detector modulation with a 100%-polarized 
beam at 3.7 keV 


Angular Distribution of Photoelectrons at 3.7 keV 
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Phi (radians) 


The Modulation Factor - 2 
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beam at 3.7 keV 


Summed mod. curve - 120 deg shift 


0.05292 

8.186e+04 = 5.058e+01 
129.7 = 82.6 |. 

0.8227 = 0.3186 


Modulation factor as a function of energy 
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Jie IXPE X-ray mirror modules 


Number of mirror modules 3 


Number of shells per mirror module 24 

Focal length 4000 mm 

Total shell length 600 mm 

Range of shell diameters 162-272 mm 

Range of shell thicknesses 0.16-0.26 mm 

Shell material Electroformed nickel-cobalt alloy 
230 cm? (@ 2.3 keV); >240 cm? (3-6 


Effective area per mirror module keV) 


Angular resolution (HPD) < 25 arcsec 


Field of view (detector limited) 12.9 arcmin square 


The Energy Response 


Modulation factor x square root of the effective area versus 
energy 


Energy (keV) 


END-TO-END FLOW FROM DETECTED 
PHOTON TO SCIENTIFIC DATA PRODUCTS 


IXPE 


Photons to Data Products 


a 
Fundamental new measurements 


larimetric images of an AGN core and jet 
IF — Ke) infer past activity of Ser A* 
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P, 1 phase-resolved een ct of rotation-powered 

using imaging to reduce nebular background 

e Magnetar physics and vacuum birefringence 

energy-resolved polarimetry of AGN _ and 
uasars to test models and assess black-hole spin 

_ Perform a and energy-resolved polarimetry of accreting 

X-ray pulsars to test emission models 


Time to reach a minimum detectable polarization as a function 
of source flux 
177 LMXBs 1 155 LMXBs 


110 HMXBs 
3800 AGN 
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PWNe + PSR 
SNR 


Magnetar 
Classical Accréting Kinary Pulsar 
LMXB / AMSP 


Micro—quas ar | black—Role binar\ 


Galactic center Ser B2 
AGN 
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rotation In twisted space-time 


For a micro-quasar in an accretion-dominated state 
Scattering polarizes the thermal disk emission / 
Polarization rotation is greatest for emission from inner disk ? 
Inner disk is hotter, producing higher energy X-rays 
Priors on disk orientation constrain GRX1915+105 
model a = 0.50+0.04; 0.900+0.008; 0.99800+0.00003 (200-ks) 


Polarization angle rotation (deg) 
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Jets in active galaxies 


xies are powered by supermassive BHs with jets 
zation implies the magnetic field is aligned with jet 
nodels for electron acceleration predict different 

aging Cen A allows isolating other sources in the field 
[wo Ultra Luminous X-ray sources (one to SW on detector but not 


sible in 6-arcmin-square displayed region) 


Core <7.0% 
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Jet 10.9% 

Knot A+B 17.6% 
-43°00'00.0" Knot C 16.5% 
Knot F 23.5% 


Dec (J2000) 


Knot G 30.9% 


ULX 14.8% 


Includes effects of dilution 
42.00s  36.00s  30.00s 13h25m24.00s by unpolarized diffuse 
RA (2000) emission 


. Exp. loit imaging polarimetry to infer past activity of Sgr A* 
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IXPE FoV. 


Offset y (pc) 
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Emission geometry and processes 

are unsettled 

= Competing models predict differing 
joke) F-vav4-1ulesael-Jat-bis (evan i iuamelbltsiome)atclr> 

X-rays provide cleaner probe of 

geometry 

= Absorption likely more prevalent in 
svatse) Com ey-bare| 

= Radiation process entirely different in 
rw-Ceu(oluey-varel 


= Recently discovered no pulse phase- 
(el-jofcsalel-ialmn¢-tat-uulesaaamexe) (-vayZ-luceyal 
degree and position angle @ 1.4 GHz 


140-ks observation gives ample 
statistics to track polarization 
ol cfeanclow- bale mm exes-yiulevam-vatedle 


Bin-averaged Relative Flux 


a 


xs 
5 
a 2 
iN 
@ 20 
a 
a 41 
fo} 
o 
o 1 
D 
o 
so] 


oun on 


ee oo 
kE DD @w 
Oo Oo 


position angle, degrees 
S 


1 f ¢ 4 | Pal Pa ' —? r y la yy - f , f 1 f j rf y y 
i » J y, | 4 ; f , 1 ¢ ws J 
—_! 


Maegnetar is a neutron star with magnetic field up to 10° G 
Non-linear OED predicts magnetized-vacuum birefringence 


= Refractive indices of the two polarization modes differ from 1 & each other 
= Impacts polarization and position angle as functions of pulse phase, 


Example is the magnetar 1RXS J170849.0-400910, with an 11-s 
pulse period where we can exclude QED-off at better than 
99.9% confidence in 250-ks 
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Linear polarization (%) 
Polarization angle (deg) 


— QED-ON fit 
QED-OFF fit 
Model 
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hermal continuum dominate @ 1-4 keV 


Counts/bin 


Cas A image at [IXPE resolution (1.5-Ms) 
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